INTRODUCTION
Some antibacterial agents that are immobilized through a covalent chemical bond have been investigated and their antibacterial characteristics have been described. Quaternary ammonium salts (QUATs) bound to glass surfaces through silyl ether linkages act as a biocide to prevent microbial growth on those surfaces (Isquith et al., 1972) . QUATs have been utilized extensively as immobilized biocides in food and health care applications because they provide wide antimicrobial activity and possess relatively low toxicity. In addition, QUATs are easily immobilized through a covalent bond between a terminal group and the surface of a material such as silicon rubber (Gottenbos et al., 2002) , silica powder (Suhara et al., 1996) , and cellulose fabric (Abel et al., 2002) . Other polymers or textiles with a surface coated covalently by N-alkylated poly (4-vinylpyridine) (Tiller et al., 2002) or N-quaternarized polyethyleneimine (Lin et al., 2003) (Koneracka et al., 2002) . The binding is due to the presence of hydroxyl groups on the surface of the magnetic particles from Fe,04. The use of magnetic powder as a support has certain advantages. For example, the materials can be easily separated from an aqueous system by using a magnetic field, a large surface area can be modified with the biocides, and there is a high dispersion efficiency due to the minute size of particles smaller than 1 m. The antibacterial activity of the immobilized materials is related to the surface area and dispersion potency because the activity depends on the contact between the material's surface and the bacterial cell (Nakagawa et al., 1984b) .
MATERIALS AND METHODS

Materials
Ferrite powder, consisting of minute particles smaller than 1 m, was purchased from Kishida Chemical Co., Ltd., Japan (Fig. 1) 
RESULTS
Syntheses of QUATs
The data of elemental analysis, melting point, and yield for 4HTBP-8 as a gemini-QUAT and 4HDP-8 as a mono-QUAT are shown in Table 1 , followed a summary of the 1H-and 13C-NM R spectra of the two compounds in Table  2 materials is identical. Thus, the high antibacterial activity of gemini-QUATs is preserved regardless of immobilization, and the characteristics of the immobilized gemini-QUATs are dependent on the specific gemini-structure. In particular, higher activity is presumed to be due to the distance between the pyridinium heads. At the air-water interface, a change in the length of spacer chain cross-linking two pyridinium moieties for gemini-QUATs influences surface tension and molecular area (Alami et al., 1993; Shirai et al., 2005) , and the change affects biological activity (Shirai et al., 2005 and 2006) . Consequently, the distance between the pyridinium groups of gemini-QUATs is assumed to be attributable to the spacer chain-length, so that the distance appears to be an important factor for antibacterial activity. It is suggested that the immobilized gemini-QUAT 4HTBP-8, possessing two pyridinium moieties crosslinked with dithiopropylene group, maintains a constant distance between the pyridinium heads, and the suitable distance for the gemini-QUAT to adsorb to and interact with the bacterial surface must give a high antibacterial activity to F-gemini-QUAT. In contrast, mono-QUAT contains only one pyridinium residue, and so the distance of the pyridinium moiety between the mono-QUAT molecules is not uniform, resulting from the random immobilization on the ferrite surface. Therefore, it is implied that the bactericidal activity of gemini-QUATs is most heavily influenced by the distance between the pyridinium heads as described in the previous reports, considering that the molar content of the n-octylpyridinium group was identical for the two QUAT-ferrites, and that an appropriate distance between the heads to display high activity exists for gemini-QUATs.
